Abstract Fixation of subtrochanteric fracture, even for experienced surgeons, is a challenge. This fracture is most difficult to treat, and the incidence of complications in this type of fracture is higher. This study compared surgical results of two methods, proximal femur locking compression plate and intramedullary locking nail. This is an analytic study, performed on all patients with subtrochanteric fracture who were referred to the hospital during 3 years. They were treated with proximal femur locking plate or intramedullary locking nail. The postoperative complications were evaluated and recorded. Finally, the data were analyzed by SPSS software. Complications were studied in both groups. Neither treatment has statistically significant difference in complications, onset of complications incidence, and time of full-weight bearing. Although the Harris Hip Score among patients improved in both methods of treatment, there is no significant difference between the two groups. The results of subtrochanteric fracture fixation by intramedullary or locking plate were similar and had the same outcome.
Introduction
Fixation of subtrochanteric fracture, even for experienced surgeons, is a challenge. This fracture includes about 10-30 % of all hip fractures and can affect all age groups [1] but mostly occurs in older people (as a result of low-energy trauma such as falling) and young people (due to high-energy trauma such as a car accident or falling from a height) [2] . The rate of complications in this type of fracture also is higher [3] .
Although there are several surgical procedures for subtrochanteric fracture treatment including 45°condylar blade plate, 135°angled blade plate, and intramedullary nail and various methods of treatment are mentioned in texts in some types of subtrochanteric fractures, no gold standard treatment has been offered for this kind of fracture [4] .
In some studies, intramedullary nailing was reported as the best method of subtrochanteric fracture fixation. Authors have reported that most subtrochanteric fractures are treated with intramedullary devices [5] , because the rate of treatment failure and varus collapse in extramedullary implants is more than that achieved by intramedullary nails [5] while the need for reoperation in the intramedullary nails is more than that in extramedullary implants [3] . On the other hand, in some studies, the proximal femoral locking plate technique is superior, because of its high union rate and less complications in comminuted subtrochanteric fractures [3] . Given such challenges, in this study, we compared the results of subtrochanteric fracture treatment with these two methods.
Materials and Methods
This is an analytic study, carried on all patients with subtrochanteric fracture who were referred to Poursina hospital from April 2010 to April 2013. They were treated with proximal femur locking plate or intramedullary locking nail. Inclusion criteria included patients older than 18 years with type 2A Russell-Taylor (a stable medial buttress) subtrochanteric fractures caused by trauma and underwent surgery within 3 days after the accident with one of these two methods. Exclusion criteria included pathologic fractures, multiple fractures in the lower extremities, inability to walk before injury (abnormal preoperative hip ROM), proven psychological problems that interfere with the postoperative assessment, not being referred during the follow-up, simultaneously head trauma, open fracture, pregnancy, and any use of materials affecting the union (cigarettes, alcohol, cortisone, etc.).
The intramedullary nail group was treated with closed reduction using a traction table and percutaneous insertion of a proximal femoral nail without anatomic reduction. The locking plate group was treated with open anatomic reduction, minimizing soft-tissue stripping of fracture fragments, and internal fixation using a fixed-angle locking proximal femur plate and interfragmentary screws. Both groups were recommended for physiotherapy and partial weight-bearing postoperation, as soon as possible. The patients were evaluated about variables consisting of age, sex, affected side, postoperative complications (nonunion, malunion, infection, device failure, thromboembolism, pneumonia, compartment syndrome, and deep vein thrombosis (DVT)), range of motion of hip joint, onset of complications' incidence, and time of full-weight bearing. The patients were followed up for 2 weeks and visited at the first, third, and sixth months and 1 year postoperation. Trochanteric region malunion means internal or external rotation and varus or valgus and limb shortening (more than 1 cm). Union of fracture was considered as the disappearance of fracture line between cortices 3 and 4 on anterior-posterior and lateral radiographs, complete bony trabeculae crossing the fracture site, and painless movement in clinical examination. Delayed union was defined as lack of progression of union for more than 3 months after fracture or uncompleted union up to 9 months. Redness and discharge from the surgical site with positive culture indicate infection. Also, patients in both groups were evaluated with Harris hip scoring criteria (to evaluate the function of the hip joint) in the first visit and 6 months later.
Finally, the data were analyzed by SPSS-19 software. Analysis was performed by descriptive statistics, the chisquared test and independent t-test, and the general linear model. To investigate ROM, as it follows normal distribution, independent t-test was used, and paired t-test was used for other quantitative variables. P-value <0.05 was significant.
Results
One hundred fourteen patients with subtrochanteric fractures were enrolled to the study. Demographic characteristics of the patients are shown in Table 1 .
In this study, there was no significant difference between two surgical methods according to sex, age, and side of fracture. Also, complications in the two groups did not differ in these variables.
Overall, in 26 patients, surgical complications were observed. Of these, 27 % were infected, 15 % were infected with other complications, 12 % had device failure, 11 % had malunion, 8 % had nonunion, 8 % had nonunion combined with infection, 4 % had malunion combined with infection, and 15 % had other complications such as thromboembolism, pneumonia, deep vein thrombosis, and compartment syndrome. No difference existed between the complications of the two groups (Table 2) .
In the present study, the mean of range of motion was 136.84±6.17°. Evaluation of this variable based on sex, age, and type of surgery is shown in Table 3 . Assessment of Harris hip score revealed a significant increase in both groups during the first-to sixth-month visit, but this change shows no significant difference between two groups (P =0/628; Figure 1) .
The average time of complication incidence and postoperative full-weight bearing were evaluated. There was no significant difference between treatment groups for these two 
Discussion
Until now, no gold standard method of fixation for some subtypes of subtrochanteric fracture has been demonstrated [5] . The high rate of mechanical failure of the fixation of unstable proximal femoral fractures with proximal locking plate is expected [6] . Also, tilting of rotational order following the intramedullary nail is a fundamental problem [7] . The aim of this study was to determine the effects of these two methods. Accordingly, 114 patients were enrolled in this study. Postoperative complications including infection, nonunion, malunion, and device failure were observed in 26 patients of the study population which did not differ between the sexes. Although the incidence of complications in our study was not statistically different between the two groups, the complications such as malunion or nonunion were observed only in the locking plate technique, and more complex complications were seen only in the way of intramedullary nail. Haefeli and colleagues studied 17 patients who were treated by locking plate. In their study, one person has been infected, and one person needed reoperation [8] . In Berkes and colleagues' study, the use of locking plates in proximal femoral fractures leads to 36.8 % device failure. It is attributed to the stiffness of this tool that prevents any fracture site micromotion, placing the mechanical burden on the implant, which can result in failure at the bonescrew interface or fatigue failure of the implant itself [9] . In Glassner's study, seven treatment failures with the locking plate were due to nonunion, implant fracture, and loss of fixation [10] . Generally, different causes for this issue are intended. The accuracy of the technique used and the skill and precision of the surgeon can be effective for incandescing surgical complications [11] . However, in this study, it was shown that the use of a locking plate or intramedullary nail may not be a factor for the occurrence of complications.
Glassner in his study stated that five of the seven cases treated with locking plate developed complications and device failure after 12.7 days, in average [10] . Our study is also partly consistent with Glassner's results; as 44 % of the patients experienced complications during the first 10 days. It seems that complications such as infection occur in the first 10 days, but other complications including device failure, nonunion, and malunion need more time to appear.
In this study, the range of motion of the intramedullary nail group was 4°more than that of the locking plate group. Although this difference was statistically significant, it did not make a critical difference in the clinical appearance. Studies have shown that between the range of motion and gender, there was no significant difference which was consistent with our Figure 1 Harris hip score in two groups study [12] [13] [14] . Haefeli suggested that full-weight bearing on the lower extremity is achieved faster in the locking plate technique than in other methods [8] . Although the difference was not significant in our study, the mean of full-weight bearing in the locking plate was less than that in intramedullary nail. According to our results, these two methods of treatment had almost identical outcome, while other studies on the effectiveness of each method are discussed, for example, it is expressed that a fixed-angle device (locking plate) prevents toggling between the size of the plate and screws, and as a result, rigidity and the pullout force increase. This feature has led to the locking plate being considered as a premier implant for the treatment of unstable fractures such as subtrochanteric fracture [15] . However, Saini and his colleagues found in their study that the locking plate led to stable fixation with a high union rate and fewer complications [3] , while Parker and his colleagues in their clinical trial showed there is more improvement in mobility with intramedullary implant fixation [16] .
In Yong's study, in the follow-up at 6-10 months after surgery using the locking plate and intramedullary nail, no significant differences were found between the Harris hip score of the two groups [17] . Although our study showed that in all cases the Harris hip score of the locking plate technique is better than that of intramedullary nail technique, both methods showed the same changes when they were compared during the 6-month period, which is consistent with the Yong study. Of course, factors such as the individual experience, even the type of fractures and surrounding tissue injuries, can have an effect on the Harris hip score [11] .
Conclusion
Although some studies distinguished between the two methods, in this study, according to complications studied, no advantage was found for the locking plate and intramedullary nail techniques.
